This paper shows typical functions required on electronic textbooks to be adopted in various countries, trial implementation of these functions, and their verification of representation and behavior in six e-book platforms. First, the authors extracted the functions by checking preceding researches and investigations. The result contains 52 items, including 7 categories of "authentication", "copyright", "contents representation", "related information", "additional information by learners", "learning support", and "restriction of contents and platforms". Next, these functions were implemented with ePub3 format e-books. ePub3 is going to be one of de jure standard format of e-books. Also, contents representation and behavior of the result ePub e-books were verified on 6 types of e-book platforms on operating systems of iOS, Android, Windows, and Kindle Linux. The verification result shows that iBooks3 on iOS worked best among the 6 e-book readers. Also it shows that many e-book readers support only representation of ePub2 files, while HTML5, JavaScript, and Web API are not supported yet.
Introduction
In recent years, many countries have started investigation and installation of ICT-based education and learning materials in schools, especially electronic textbook called e-Textbooks or Digital Textbooks. In Korea, KERIS [1] (Korean Education and Research Information Service) has started proofing experiments to introduce e-Textbooks in elementary and high schools in 2008. It introduced full-scale introduction in 2012, and plans to nation-wide installation in 2013. In Singapore, Ministry of Education started a project called "FutureSchool@Singapre" in 2008 [2] . It has three phases of master plans: MP1 (1997) (1998) (1999) (2000) (2001) (2002) was to arrange PCs, network connections and learning materials, MP2 (2003) (2004) (2005) (2006) (2007) (2008) was to coordinate relationship between ICT usage and curriculum, class activities, and qualification. MP3 (2009-) includes learners' development of individual and collaborative learning capabilities with use of ICT. In Japan, MEXT (Ministry of Education, Culture, Sports, Science and Technology) disclosed a master plan called "The Vision for ICT in Education" in 2011 [3] .
In the first decade of 21 st century, there was also a movement to introduce ICT into classrooms. However, it was mainly for tertiary educational institutions, and main target was to introduce LMS-based learning systems. Movements written above also try to adopt ICT in education, but there are three different points. First is that main target is primary and high schools. Because they are for compulsory education, ministries or local governments deeply concern. Second is that many plans utilize light-weight laptop PCs or tablet PCs. Especially a tablet PC has advantage of manipulation for lower grade pupils of elementary schools. They just touch or swipe the screen to give instructions to PCs, so they don't need special training for PC operation. Third is that many plans not only describe introduction of ICT equipment, but also they try to introduce new styles of learning. It includes monitoring and assist of individual and collaborative learning with use of ICT. It shows a movement from 20
th century style, instruction-centered education from 21 st century style, learnercentered and learner-driven learning. Some researchers and teachers have started to notice that ICT will help the 21 st century learning style. Among these movements, this paper focuses on technical and functional features of e-textbooks and electronic learning materials. In other words, curriculum, learning process, and learning contents are out of focus in this paper.
When we focus on technical feature of currently discussed e-textbook, there are some characteristics. One is to utilize a tablet PC as representing and operating device. Since Apple released first version of iPad on April 2010, tablet PCs have been expanding their market worldwide. According to IDC, 128 million tablet PCs were sold in 2012. It showed 78% up growth over 2011, while laptop PCs decreased sales of 3.4% [4] . The tablet PCs are not only cheaper than traditional desktop and laptop PCs, but also have an advantage to adopt new generation of human-computer interface: touch interface. For this reason, people became easier to operate PCs, even for lower grade pupils of elementary schools. Moreover, tablet PCs have similar capability to connect Internet. It means that tablet PC-based learning is similar to LMS-based learning to deliver learning materials, quiz result, etc. In this sense, we are able to adopt network-based learning framework developed more than 10 years ago. So, we should take the usage of tablet PCs into account.
The other characteristics of e-textbook is a delivery of learning materials, e.g. textbooks, references, dictionaries, notes etc. In the age of LMS-based learning, the only platform was a Web browser. All materials were represented and operated on Web browser. However, modern tablet PCs have another option: e-book browser. When a learner receives a textbook as e-book format, he or she is able to learn it even in networkoffline environment. LMS-based learning always requires network-online environment. In this sense, e-book based learning is more flexible than LMS-based learning. However, this characteristic submits a new technical requirement for e-book browser. It should record learning activities (browsing textbook, answering quiz, checking references, taking notes etc.) during network-offline environment. As shown below, many of current e-book browsers don't support this function. In this sense, the e-book browsers are not sufficient for e-textbook based learning platforms.
In this paper, the authors show a result of investigation, experimental implementation, and verification of technical and functional aspects of e-book based learning. In chapter 2, necessary functions are listed up by checking preceding researches and investigations. The result contains 52 functional items, including 7 categories. In chapter 3, these functions were experimentally implemented with ePub3 format, which is going to be one of de facto standard format of e-books. In chapter 4, contents representation and behavior of the result ePub e-textbook were verified on 6 types of e-book platforms on operating systems of iOS, Android, Windows, and Kindle Linux. The result shows that iBooks3 on iOS worked best among the 6 e-book readers. Also, many e-book readers support only representation of ePub2 files, while HTML5, JavaScript, and Web API are not supported yet.
Functional Requirements of e-Textbook
The authors summarized typically required functions of e-Textbook. According to this activity, the authors set two criteria below. The aim of these criteria is to assure that the requirements are generally applicable to wide-ranged e-textbooks.
• The functions should be required commonly in various subjects and school years.
• The functions should not reflect a function of a specific learning support software or device. In order to establish the requirements, the authors first investigated preceding researches to propose the functions. As a result of the investigation, Jung [5] and Kim [6] treated them. Also, major functions of e-book were adopted with use of Wikipedia description [7] . At that time, requirements were 36 items. The authors added some items considered to be necessary as e-textbook functions: language-dependent representation of body text, data transmission to an external server, etc. The result of first-version list of functional requirements contains 42 items.
Next, the authors disclosed this result in various conferences: JSiSE Annual Conference 2012 [8] , JSDT Annual Conference 2012 [9] , MESJ Annual Conference 2012 [10] , HRDM SIG meeting [11] , and ISO SC36 meeting [12] . In these presentations, there were many feedbacks to add or modify the requirements. Furthermore, DiTT (Digital Textbook and Teaching) association in Japan released a summary of functional requirements of e-Textbooks [13] . Also, ISO SC36 disclosed a series of questionnaire titled "e-Textbook: Scope and Requirements" [14] . The authors arranged the feedbacks and additional requirements from DiTT, and finally finalized a list of requirements of 52 items, shown in Table 1 . These items are classified in 7 categories: "authentication", "copyright", "contents representation", "related information", "additional information by learners", "learning support", and "restriction of contents and platforms" for convenience. The first version items of 42 are listed in the column named "First" in Table 1 . "O" means that it proposes the function, while "(O)" means that it implies the function. 
Experimental Implementation of functions with use of ePub3

Comparison of Software Platforms
There are various options of software platforms to implement e-Textbooks. The authors compared them, resulted in Table 2 . As stated below, there are various formats for e-Books, and there is no clear de facto standard yet. So currently we are unable to discuss advantages or disadvantages of e-Book format in general. It is a tentative comparison. In the Table 2 , "O" means that it works, while "Δ" to work partially, and "X" not to work. Based on the comparison in Table 2 , the authors selected the e-Book platform. Although some specifications are not fixed yet, e-Book formats are flexible, and have possibility to fit the requirements of e-Textbook. Moreover, some de facto formats are going to be standardized to de jure standards. It means that the usage of the format is loyalty free. This feature is very important for e-Textbook, because it results the reduction of education cost.
Adoption of ePub3 as e-Book format
There are many formats of e-Books. Wikipedia [7] introduces and compares 27 e-Book formats. In includes DAISY (Digital Accessible Information System) proposed by DAISY Consortium, ePub by IDPF, iBook by Apple, Mobipocket (.prc) by Mobipocket.com (bought by Amazon.com in 2005), etc. Beyond them, there are also AZW by Amazon.com (identical to Mobipocket format), KF8 (Kindle Format 8) by Amazon.com, XMDF by Sharp, CEBX by Baidu, PDF by Adobe, etc.
Among them, the authors focused on ePub3 format. ePub specification 1.0 was released by former Open eBook Form (currently IDPF: International Digital Publishing Form [15] ) in 1999. It was revised as version 2.0 in 2007, also version 3.0 in 2011. ePub 3.0 specification includes many features: representation with use of HTML5, inclusion of DAISY specification, and language-specific representation. e-Books of Asian language (Japanese, Korean, Chinese) have become available with this ePub 3.0. Moreover, it allows JavaScript script inclusion. It means that a publisher is able to contain interactive elements in a e-Book. As discussed below, it depends on ePub reader software, but in principle it is provided. And finally, ePub3 is a open format, so a publisher or a reader need not pay any royalty fee. It results cost reduction for textbook companies, administration, learners and even taxpayers.
Fore reference, recently ISO/IEC JTC1 SC34 (international standardization subcommittee for Document Description and Processing Languages standards) started a submission of fast track procedure of ePub3. Currently ePub3 is a "forum standard", that is specified by a private organization (e.g. IDPF). However, after JTC1 approves ePub3 as an International Standard, it will be "de jure" standard.
Implementation of ePub3 e-Textbook
The authors implemented the 52 functional items with use of ePub3. Technically, HTML5 canvas, css (cascaded style sheet), and JavaScript script were utilized. HTML WebAPI is very powerful feature and useful to implement the functions, but we found that most of ePub reader software don't support this WebAPI functions. Like this reason, some of functions are unable to implement and operated on current ePub readers. In the evaluation result of Table 4 , there are some cells written "TBE". It means that this function will be implemented with use of WebAPI feature, but currently no one is able to verify the operation. Also, the authors developed 4 separated ePub3 files. It's because there is a case that two JavaScript scripts interfere each other if all functions are gathered in one ePub file. It depends on ePub reader, but it shows JavaScript is not yet provided to work on many ePub readers.
Evaluation of ePub3 Readers
Target ePub readers
The authors selected 6 types of ePub readers for the verification shown in Table 3 . It covers operating systems of iOS, Android, Kindle Linux, and even Windows. These ePub readers are selected as 1) to cover as large current market share of tablet PCs (iOS, Android, and Kindle), and 2) to cover wide range of functional capability, from simple one to big and comprehensive supported one. Table 4 shows the result whether the implemented 52 functions work or not on 6 ePub readers.
Evaluation Result
• "O" shows that it works.
• "Δ" shows that it partially works.
• "X" shows that it does not work.
• "TBE" shows that the authors could not find the working implementation way as described in section 3.3. 
Discussion
To summarize the result of Table 4 , the author graded 6 ePub readers. "O" counts 3 and "Δ" counts 1. Full grade is 132 (44 x 3), which excludes "TBE" items in Table 2 . The best grade was 73 for iBook3 on iPad (55%). Other grades are shown in Fig. 1 .
From this result it is clear that coverage of the 52 functional requirements with current ePub reader is not sufficient. Its main reason is that most of current ePub readers support only ePub2 representation. Furthermore, ePub2 is thought to be a book contents representation platform, but not for interaction nor communication platform. If we consider ePub3 as e-textbook platform, many functions like HTML5, JavaScript, WebAPI or CSS should be supported.
Conclusion
In this paper, the authors disclosed a result what is required and typical functions of e-textbooks, and how far they are already implemented in ePub readers. There are some preceding researches to propose standard functions of e-textbooks, and especially there are many related researches and investigations in the last 2 years. It shows that many researchers, teachers and practitioners are interested in this topic recently. Also, the verification result shows that many ePub readers support only representation of ePub2 files, while HTML5, JavaScript, and Web API are not supported yet. By disclosing this result, the authors hope that many ePub software developers recognize the necessary functions for e-textbook and try to implement them. 
